Hypercortisolism and diabetes mellitus secondary to a steroid cell tumor of the ovary in a bat-eared fox (Otocyon megalotis)
Ted Y. Mashima, Terry M. Norton, Michael R. Loomis, Frederic G. Dalldorf Steroid cell tumors, formerly called lipid or lipoid cell tumors, are rare ovarian neoplasms consisting of cells that resemble typical steroid hormone producing cells. 5, 14, 15 These tumors have been reported in humans, 2, 5, 14, 15 cattle, 10,11 horses, 11 dogs, 10,11 cats, 4,10,11,12 hamsters, 7 rats, 9 and mice. 8 They are frequently endocrinologically active in humans, 2, 5, 14, 15 and reports in dogs 10 and cats 12 describe likely endocrinopathies based on physical examination and history, but without complete laboratory assessments. This report presents clinical and pathological data from a case of a steroid cell tumor in the ovary of a bat-eared fox (Otocyon megalotis) with hypercortisolism and diabetes mellitus.
An 11-year-old nulliparous bat-eared fox was presented with bilateral protrusion of the nictitating membranes. The fox was obese and dehydrated and had a grade II/V systolic murmur. Abnormalities in serum biochemical parameters included elevations in blood urea nitrogen, glucose, alanine aminotransferase (ALT), alkaline phosphatase (ALP), total bilirubin, amylase, and cholesterol when compared to values obtained for this animal prior to the onset of signs (Table 1) . Serum total bile acids (3.7 mol/liter) were within reference ranges for fasting and postprandial concentrations in dogs. 1 Serum total thyroxine (2.3 g/dl) concentrations were within the reference range for dogs. 3 Liver biopsies collected via laparotomy revealed moderate, diffuse hepatocellular hydropic degeneration suggestive of a steroid hepatopathy. The laparotomy site dehisced and became infected. The wound was managed with parenteral antibiotics, cleaning, and debridement.
A low-dose dexamethasone test was performed after surgical dehiscence was nearly completely healed to evaluate the pituitary-adrenocortical axis. The baseline serum cortisol concentration was 2.8 g/dl. Dexamethasone sodium phosphate (0.01 mg/kg) was administered intravenously. Serum cortisol concentrations were 2.4 g/dl and 3.0 g/dl 4 and 8 hours after dexamethasone administration, respectively. The adrenocorticotropic hormone (ACTH) concentration, assayed by radioimmunoassay, a was below detectable concentration, compared with 6.5 pmol/liter in a clinically normal conspecific. These findings were compatible with a diagnosis of a functional cortisol-secreting tumor.
The blood glucose concentrations were variable, ranging from 65 to 195 mg/dl, until a marked hyperglycemia (350 mg/dl) was noted 3 months after the onset of signs. Glycosuria was also persistently present (Ͼ 100 mg/dl). Insulin (NPH) therapy was administered during a 6-day period prior to surgery in an attempt to normalize the blood glucose. Blood glucose levels obtained 5 hours after each administration of insulin remained elevated (Ͼ258 mg/dl). The diabetes mellitus in this case was likely secondary to the elevated levels of cortisol.
Ultrasonographically, both adrenal glands appeared to have normal architecture and measured 0.3 ϫ 2 cm (left) and 0.5 ϫ 2.5 cm (right). The left ovary was enlarged and mineralized. An exploratory laparotomy and ovariohysterectomy were performed, but the bat-eared fox died the day following surgery. The bat-eared fox was not given exogenous corticosteroids postoperatively.
The left ovary measured 2 ϫ 1.5 cm and was mottled tan, partly mineralized, and somewhat hemorrhagic. The right ovary was small. A steroid cell tumor of the left ovary was diagnosed on histopathology ( Fig. 1 ). Masses in the left ovary resembled adrenocortical tissue and were composed of sheets of closely packed, round to polygonal cells arranged in cords and packets separated by thin fibrous to fibrovascular stroma. The cells had abundant, foamy cytoplasm and round, euchromatic nuclei with finely clumped chromatin. There were only rare mitotic figures. The tumor was locally invasive, with focal areas of necrosis and mineralization. There were no metastases.
Other abnormalities found at necropsy included marked atrophy of the adrenal gland (zona fasciculata and reticularis) and lymph nodes, left ventricular hypertrophy of the heart, and mild nephrocalcinosis with chronic interstitial nephritis. There was severe ischemic necrosis of the hepatic central lobules and severe multifocal vacuolar degeneration of hepatocytes. The pituitary gland and pancreas were normal.
Steroid cell tumors account for only 0.1% of all ovarian neoplasms in humans. 15 They are subclassified into 3 major categories: 1) stromal luteomas (tumors confined within the ovarian stroma); 2) Leydig (hilus) cell tumors (evidence of Reinke crystals and location of the tumor compatible with a hilar origin); and 3) steroid cell tumors, not otherwise specified (NOS, tumors not diagnosed specifically to the other two subtypes). 6, 13, 15 Only steroid cell tumors NOS are clinically malignant, with approximately 20% of tumors exhibiting metastasis. 15 Luteomas have been reported in cattle, 11 horses, 11 dogs, 11 cats, 11 hamsters, 7 rats, 9 and mice. 8 Steroid cell tumors have also been reported in cattle as interstitial cell tumors, 10 in the dog as interstitial cell tumors 10 and Leydig-like tumors, 11 and in the cat as interstitial cell tumors 10 and lipid cell tumors. 12 The mass in the bat-eared fox can most specifically be described as a steroid cell tumor NOS, because of the malignant nature of the tumor and the absence of crystals of Reinke.
In humans, steroid cell tumors NOS are frequently endocrinologically active. Approximately half of the cases are androgenic, 8% are estrogenic, and occasional examples are progestagenic. 5, 15 Rarely, the tumors are associated with elevated cortisol levels, with and without clinical manifestations of Cushing's Syndrome. 2, 5, 14, 15 Steroid hormones other than cortisol were not assessed in the bat-eared fox.
Causes of hyperadrenocorticism in dogs include 1) pituitary tumors synthesizing and secreting excess ACTH with secondary adrenocortical hyperplasia and 2) primary excesses in cortisol secreted by an adrenocortical carcinoma or adenoma. 3 The lack of suppression of cortisol levels following dexamethasone administration and absence of detectable ACTH suggested the presence of a functional cortisol-secreting tumor. This profile is seen with adrenocortical adenomas and carcinomas in the dog 3 and is similar to that seen in women with cortisol-secreting steroid tumors of the ova-ry. 5, 14 The atrophy of the zona fasciculata and reticularis of the adrenal gland of the bat-eared fox was consistent with the presence of a nonadrenal source of cortisol. Other serum biochemical abnormalities in the bat-eared fox included increases in cholesterol, ALP, and ALT, a pattern commonly seen in dogs with hyperadrenocorticism. 3 The apparent unresponsiveness to insulin administration in the bat-eared fox is also consistent with diabetes mellitus seen in dogs with hyperadrenocorticism. 3 The etiology of the membrana nictitans protrusion was not determined in this case. 
Seroprevalence of antibody to porcine reproductive and respiratory syndrome virus using enzyme-linked immunosorbent assay in selected herds in Korea
Doo-Sung Cheon, Chanhee Chae, Yong-Soon Lee Porcine reproductive and respiratory syndrome (PRRS) is caused by a virus referred to as the ATCC VR2332-like strain of PRRS virus (PRRSV) in North America and as the Lelystad-like virus in Europe. 7, 16 The etiologic agent of PRRS is a small, enveloped RNA virus with morphologic, physiochemical, and genetic properties similar to those of the floating genus Arterivirus, which includes lactate dehydrogenase-elevating virus, equine arteritis virus, and simian hemorrhagic fever virus. 4, 12, 14 Porcine reproductive and respiratory syndrome virus has caused major economic losses to swine producers in recent years due to reproductive losses in breeding stock and respiratory disease in neonates and nursery pigs. 6, 8, 10 Diagnosis of previous PRRSV infection can be done by the serologic detection of antibodies using the enzyme-linked immunosorbent assay (ELISA), the indirect fluorescent antibody (IFA) test, serum virus neutralization (SVN), and the immunoperoxidase monolayer assay (IPMA). 1, 4, 11, 15, 16 Since PRRSV infection was first described in the Republic of Korea in 1993, 9 no studies have been performed to determine the prevalence of PRRSV infection. Therefore, the purpose of our study was to report the recent seroprevalence status of PRRSV by ELISA testing sera collected from selected swine herds between June 1995 and May 1996.
A total of 2,132 sera from 160 swine farms (an average of 13.3 serum samples per farm) from throughout the Republic of Korea were submitted. No herds were vaccinated against any strain of PRRSV. The average size of the 160 herds submitted, 203 sows per herd, is considerably larger than the Korean average (currently approximately 130 sows per herd). Most sera samples were from more-than-secondparity sows.
Serum samples were tested for antibody to PRRSV using a commercial ELISA kit a as described by the manufacturer. Blood was collected by jugular puncture, allowed to clot, and centrifuged, and the serum was kept at Ϫ20 C until used. One hundred microliters of the 1:40 dilution of test sera was added to duplicate wells coated with proprietary PRRS viral antigen or normal cell antigen and incubated for 30 min at room temperature. The wells were then washed with a phosphate-buffered wash solution containing Tween (300 l/ well) 3 times. The plates were reincubated for 30 min at room temperature and, after being washed twice, were incubated for 15 min with 100 l of TMB (3,3Ј,5,5Ј-tetramethylbenzidine) substrate solution. The reaction was then stopped by addition of 100 l of a stop solution containing hydrofluoric acid into each well. The optical density (OD) of each well was measured at a wavelength of 630 nm using a ELISA microplate reader. The presence or absence of antibody to PRRSV was determined by calculating the test sera to positive (S/P) ratio: S/Pϭ (⌬OD of test serum between viral and control antigen) Ϭ (⌬OD of positive reference between viral and control antigen). Samples were considered to be positive for PRRSV antibody if the S/P ratio was greater than 0.4. The farm was the unit of concern. A herd was considered positive when at least one of the sampled animals was positive and for each positive farm, within-farm seropositivity was calculated as the ratio between the number of positive sera and the total number of sampled animals in this farm. Chi-square tests at ␣ ϭ 0.05 were used to compare proportions of positive and negative herds according to different farm size.
